Introduction
Atherosclerosis, an inflammatory condition, is associated with multiple risk factors and is characterized by a complex pathophysiology. Vessel bifurcations or branched regions are susceptible to atherosclerotic events (1) , and the development of interventional cardiology over the last few years has led to an improved access to invasive diagnostics of ischemic heart disease. Previously, the diagnosis of the severity of coronary artery disease (CAD) relied on the assessment of the extent of advanced atherosclerotic stages and concomitant worsening of circulation in major coronary arteries (2) . Convincing evidence has suggested that CAD is an inflammatory process, and a multitude of pro-inflammatory markers associated with atherogenesis have been identified (3) . It remains unknown whether the association of these markers with CAD is direct or requires interaction with pro-atherogenic factors. Furthermore, it remains unknown whether systemic biomarkers associated with different stages of atherosclerosis are more closely associated with the extent of atherosclerosis or with the composition of coronary atherosclerotic plaque (4) .
In the vascular system, members of the TGF-β superfamily play a vital role in the regulation of vasculogenesis, angiogenesis, and vascular remodeling (5); activin A, which belongs to this family, was recently recognized as a multifunctional cytokine expressed by several tissues and cells. Activin A effects include the regulation of wound repair, cell differentiation, apoptosis, and embryogenesis (6) ; its role in atherogenesis has been hypothesized based on the findings that activin A modulates the proliferation and differentiation cells involved in atherogenesis, notably endothelial cells (ECs), macrophages, and smooth muscle cells (SMCs) (7) . Activin A inhibits the propagation of human ECs and enhances the differentiation of monocytes into macrophages (7) .
The present study aimed to examine serum activin A levels under different coronary clinical presentations [ST-segment elevation myocardial infarction (STEMI), non-STEMI (NSTEMI), and unstable angina (UA)] and to explore whether serum activin A is associated with thrombolysis in myocardial infarction (TIMI) risk score, angiographic CAD prevalence or severity, traditional cardiovascular risk factors, and inflammatory markers. In addition, the ideal cut-off value of activin A level for predicting CAD occurrence was also assessed.
Methods

Study subjects
In this case-control study, 310 CAD patients who were admitted to the Department of Cardiology, University Hospital (Monastir, Tunisia), and 207 healthy subjects were included. The latter were mostly blood donors and were recruited from the Blood Bank Department of the University Hospital (Mahdia, Tunisia). As their physical examination was unremarkable, along with the absence of personal or family history of CAD and reasons to suspect CAD, they were classified as healthy. CAD diagnosis was based on the presence (by angiography) of luminal diameter stenosis of ≥50% in at least one major coronary artery [left anterior descending (LAD), left circumflex (LCx) or right coronary artery (RCA), or major branches]. STEMI was defined as the presence of chest pain symptoms (>20 min) associated with electrocardiographic ST-segment elevation of ≥0.1 mV in two or more limb leads or ≥0.2 mV in two or more precordial leads and an increase in cardiac-specific troponin I levels. NSTEMI included NSTEMI and UA. NSTEMI was defined as ischemic symptoms with elevated cardiac-specific troponin I levels without new ST elevation on electrocardiogram. UA was defined as having newly developed and accelerated chest symptoms on exertion or rest angina without a significant increase in cardiac-specific troponin I levels. Multivessel CAD was confirmed when at least two of the major coronary arteries had significant atherosclerosis. Angiographic measurements were performed in patients but not in the healthy subjects.
Exclusion criteria included the presence of severe respiratory disease, liver disease, kidney disease, concomitant inflammatory diseases such as infections and autoimmune disorders, or malignancy. This study was approved by the National Committee for Medical and Research Ethics of Farhat Hached University Hospital (Sousse, Tunisia), which complied with the ethical principles of the WMA Declaration of Helsinki. Informed consent was obtained from all participants.
Laboratory evaluation
Serum samples were collected from study participants and stored in aliquots at -80°C until use. Triglyceride, total cholesterol, high-density lipoprotein cholesterol, high-sensitivity C-reactive protein (hs-CRP), glucose, urea, and creatinine levels in all patients were measured using a Cobas Integra 600 analyzer (Roche Diagnostic, Germany) on admission. Low-density lipoprotein cholesterol levels were estimated using the Friedewald equation. Serum interleukin-6 (IL-6) levels were measured by electrochemiluminescence immunoassay using a Cobas E601 analyzer (Roche Diagnostics, Germany).
Activin A measurement Activin A levels were quantified using a commercially available ELISA kit (AbFrontier, Young In Frontier Co., Ltd., Korea). All samples were assayed once according to the manufacturer's instructions. The optical density of contents in each well was determined using a microplate reader at 450 nm.
Coronary angiography and assessment of CAD severity All patients underwent coronary angiography after admission, and all angiograms were reviewed by trained cardiologists who were blinded to procedural and clinical data. In case of disagreement, the final decision was reached by consensus. CAD was defined as >50% luminal narrowing of at least one major epicardial vessel. CAD severity was ascertained by assessing the multivessel disease extent [one-, two-, or three-vessel disease (>50% stenosis)]. Accordingly, patients were categorized as having no disease or having one-, two-or three-vessel disease. The degree of coronary stenosis was classified as moderate (50-70% stenosis) and severe (>70% stenosis) according to previously published guidelines (8) . Acute coronary syndrome (ACS) patients were divided into three subgroups according to TIMI risk score: group 1 [low TIMI risk score (1-2)], group 2 [intermediate TIMI risk score (3-4)], and group 3 [high TIMI risk score (≥5)]. Echocardiographic characteristics of the study groups were obtained from hospital records.
Statistical analysis
Statistical Package for Social Sciences version 23 was used for data analysis. Categorical data were expressed as percentages, and comparisons between patients were performed using chi-square test. Normally distributed data were expressed as mean±standard deviation (SD), and comparisons between patients were performed using Student's t test. Non-normally distributed data were expressed as mean±SD and medians, and comparisons between patients were performed using the Mann-Whitney U test. A p value of <0.05 was considered to indicate statistically significant difference. Kruskal-Wallis tests or one-way analysis of variance tests were used to compare the three groups. Univariate and multivariate linear analyses were applied to identify the predictors of activin A levels.
Results
Baseline characteristics and the prevalence of risk factors among patient and control groups are shown in Table 1 . In total, 310 patients (74.8% males; age, 60.3±11.0 years) and 207 healthy subjects (29.5% males; age, 33.2±12.2 years) were enrolled in this study. Menopause (90.8%), diabetes (48.4%), and hypertension (47.1%) were the most prevalent identifiable CAD risk factors.
Patients were then divided into low activin A (<429.0 pg/mL) and high activin A (>429.0 pg/mL) groups based on activin A cutoff value in healthy controls. Among patients, the LAD artery was identified as the affected vessel (72.7%), followed by the LCx (50.5%) and RCA (48.6%). Multivessel disease was observed in 56.5% of patients, 67.0% of whom had severe stenosis (>70%). Among patient subgroups, the distribution of clinical and biochemical variables was similar between low and high activin A groups, and no significant differences were noted in these variables (Table 2) .
CAD extent and severity
The associations of altered activin A levels with CAD extent and severity are shown in Table 3 . Significantly difference was observed in activin A levels according to the degree of stenosis, and high activin A levels were associated with severe stenosis (>70%). In addition, patients with multivessel disease had lower activin A levels, and difference was significant (380.0 vs. 566.0 pg/mL; p=0.038).
Activin A levels in different clinical groups Activin A levels were significantly higher in all CAD patients (660.1±557.7 pg/mL) than in controls (373.7±95.7 pg/mL; p=0.041) ( Table 4 ). Activin A levels were comparable (p=0.104) between patients who presented with STEMI (647.5±714.0 pg/mL; median: 380.0 pg/mL) and those who presented with NSTEMI (663.8±478.7 pg/mL; median: 461.0 pg/mL) ( Table 4) .
Activin A levels and scoring system (TIMI risk score) Serum activin A levels were not significantly decreased with the increase in TIMI risk score in ACS patients. As illustrated in Figure 1 , activin A levels were not significantly different (p=0.590) among group 1 (629.8±446.8 pg/mL), group 2 (665.5±653.9 pg/mL), and group 3 (680.4±504.0 pg/mL).
Linear regression analysis
Univariate linear regression analysis was performed for assessing the contribution of potential confounders on altered activin A levels in CAD. These confounders included age, gender, body mass index, diabetes, hypertension, hyperlipidemia, smoking, and diagnosis at admission. Results from Table 5 show that male gender (β=-0.286; 95% CI: -623.6 to -176.4; p=0.001) and smoking (β=-0.177; 95% CI: -380.59 to -14.49; p=0.035) were independent predictors of activin A levels. Multivariate analysis demonstrated that male gender (β=-0.260; 95% CI: -617.39 to -110.04; p=0.005) was the only independent predictor of activin A levels (Table 5 ).
ROC Curve for activin A in predicting CAD
The area under the ROC curve for activin A levels in CAD patients was 0.513±0.041 (95% CI: 0.443-0.594, p=0.749). In contrast to IL-6 and hs-CRP levels, activin A level was not a significant predictor of CAD severity. The area under the ROC curve for IL-6 levels was higher than that for the serum hs-CRP level [IL-6: 0.860±0.038, (95% CI: 0.785-0.935), p<0.001 vs. hs-CRP: 0.816±0.038, (95% CI: 0.742-0.889), p<0.001] (Fig. 2) .
Discussion
In this study, we demonstrated increased activin A levels in CAD patients compared with those in control subjects. When other hand, activin A levels did not affect TIMI risk score, and serum activin A levels were not predictive of CAD. Although not completely addressed, this may result from the contribution of other risk factors, such as obesity and diabetes, to the difference in time to admission, to the use of drugs, and also to the relatively low number of participants in this study. Significant differences in baseline characteristics, such as age, hypertension, and diabetes, observed between the control and patient groups might be due to the multifactorial property of CAD and selected profile of controls participant. Based on the increased activin A levels in different clinical groups vs. controls, we hypothesized that activin A is involved in atherosclerosis and is associated with the degree of stenosis. The association of high activin A levels in patients with multivessel disease can be explained by the fact that one-vessel disease may be multi-stenotic and can thus present with another atherosclerosis progression step, such as plaque and lesion formation.
Previous studies have shown that activin A is a multifunctional cytokine, with roles in cell growth and differentiation, regulation of inflammatory responses, and tissue repair and regeneration (6). This implicates altered activin A levels in the initiation and progression of atherosclerotic lesions in the vessel wall (9) . Increased evidence has shown that activin A levels are increased in several inflammatory diseases, such as inflammatory bowel disease, septicemia, meningitis, and arthropathies (6, 10) . Increased activin A levels in CAD patients reported here confirms a role of activin A in atherosclerosis, which is consistent with the findings of earlier studies showing that serum activin A levels are increased in patients with stable angina pectoris and UA pectoris (10) ; this is correlated with the clinical severity of heart failure (6). On the other hand, two independent studies have shown that activin A levels are markedly higher in STEMI and do not correlate with the number of diseased vessels (11, 10) . This was in apparent disagreement with our results, which showed that activin A levels were associated with the degree of stenosis, but not with the number of diseased vessels. These differences could be explained by the fact that activin A levels might reflect plaque vulnerability, but not the plaque volume of coronary arteries (10) . It has been postulated that high activin A levels during clinical and experimental heart failure indicate an involvement of activin A in the pathogenesis of heart failure (12) . It is noteworthy that activin A markedly attenuates leukemia inhibitory factor-induced increase in cardiomyocyte length and perimeter and sarcomeric organization (13) .
Reportedly, activin A plays an inflammatory role in vascular tissues at different stages of atherosclerosis (9) and exerts antiinflammatory properties in atherosclerosis (6) . It has been suggested that activin A attenuates vascular inflammation and oxidative stress in inflammatory disorders, such as atherosclerosis and type 2 diabetes (14), and inhibits the inflammatory response of cultured macrophages and uptake of modified lipoproteins by phagocytic cells (9) . In addition, activin A is involved in plaque stabilization, in part by inhibiting foam cell formation and by the induction of the differentiation of contractile, non-proliferative phenotype in cultured smooth muscle cells (6) . Reportedly, activin A plays a protective role against cardiac endoplasmic reticulum stress in diabetes, attenuates the release of IL-8 from ECs, enhances the expression of the antioxidative enzyme metallothionein. This suggests that activin A protects the heart and kidneys against diabetes-induced pathophysiology (14) . Activin A has been shown to be beneficial in preventing the formation of SMC-rich lesions in mice, which are similar to those formed in in-stent restenosis in humans, in contrast to TGF-β, which aggravates vascular lesions due to excessive extracellular matrix synthesis (9) . Activin A decreased the release of IL-6, IL-8, and macrophage inflammatory protein-1-alpha from mononuclear cells in patients with angina, suggesting anti-inflammatory potential of activin A (11) .
The novelty of our study is in analyzing the relationship between serum activin A levels and TIMI risk score for ACS, a vali- dated clinical risk score that is a short-and long-term predictor of death and cardiovascular complications (15) . Activin A levels did not increase as the TIMI risk score increased, suggesting that activin A does not predict CAD complication. Of the cardiovascular risk factors studied here, only gender was associated with altered activin A levels. An autopsy examination has suggested that both genders present a different change in signaling pathway apoptosis in infarct zone, indicating that the activation of the apoptotic cascade induces protection against ischemia in females (16). The differences between males and females in early death and cardiac rupture after myocardial infarction may be due to the difference in necrosis repair mechanisms, extracellular matrix alteration, myocyte slippage, and myocardial tissue remodeling (17) . It should be noted that gender with other clinical research needs to be addressed when examining the association with activin A. Despite its production in response to inflammatory mediators, especially IL-6 (18), hs-CRP did not show correlation with activin A. It has been reported that hs-CRP levels are correlated with other inflammatory and necrosis markers in different cardiovascular diseases, such as acute myocardial infarction and heart failure (18) . The lack association between activin A and the inflammatory markers IL-6 and hs-CRP can be explained by the fact that activin A does not have a direct effect on inflammatory cytokines, although it may act as a mediator in acute stress, such as inflammation and oxidative stress (10).
Study limitations
First, the small number of participants may have contributed to the lack of statistically significant differences. Second, because few variables showed p values of <0.05 in univariate analyses, it is possible that lipid-lowering drugs, for example, affect the involvement of lipid variables in circulating activin A stability. Third, in some participants, high hs-CRP, IL-6, and activin A level might have been affected by unknown infections. Forth, the mean age and other baseline characteristics of the control group were significantly different from those of the patient groups, and this can be explained by the importance of male gender and age as cardiovascular risk factors and the young age of Tunisian donors. Finally, in this study, we did not consider medications before admission that might have affected the prognosis of patients.
Conclusion
The absence of significant association between activin A and angiographic characteristics and the area under the ROC curve for activin A levels following the ROC analysis indicated that this cytokine is not a predictive marker for CAD severity and cannot be a valuable tool in the atherogenic risk assessment of CAD patients. Serum activin A levels were not associated with TIMI risk score, risk factors, and biochemical markers. In contrast, activin A levels were significantly elevated in patients compared with those in healthy subjects, suggesting a potential role of activin A in atherosclerosis.
